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ABSTRACT 
 
Electrotransformation was successfully transferred a 21.6 kb cosmid vector pLAFR1 into the selected Plant 
Growth-Promoting Rhizobacteria (PGPR) and Chromobacterium violaceum with maximum efficiency about 107 
transformants/µg at electric field strength of 10kV/cm for shorter pulse length range between 4.1 to 4.4 
milliseconds and about 108 transformants/µg at electric field strength of 5kV/cm for a longer pulse length 
range between 8.5 to 8.7 milliseconds. Longer incubation period will increase the transformation efficiency 
but continuing increasing the period after 20 hours will decrease the transformation efficiency. 
 
Keywords: Electrotransformation, Plant Growth-Promoting Rhizobacteria (PGPR), Chromobacterium 
violaceum, cosmid vector pLAFR1. 
 
 
 
INTRODUCTION 
 
Electrotransformation is a genetic transformation method by using an electricity field with short period of 
time to temporary form a pores in the outer cell membrane for uptake of macromolecules or DNA. The 
advantages of this method were much faster, simpler and higher efficiency over the traditional chemical and 
biological methods for transforming a DNA vector into a bacterial cells because electrotransformation is a 
nonchemical, noninvasive and nontoxic methodology that would not affecting the function and the biological 
structure of the bacteria. Besides that, electrotransformation was also a physical method which allows it to use 
in much more wider selection of bacteria strains (Chassy et al., 1988; Teissie et al., 2005). 
 
However, to achieve a higher efficiency of transformation, selection of electric field pulse parameters are very 
important. Each type of bacteria strain required a different range of parameters to achieve a high efficiency 
transformation (Chang et al. 1992; Wu et al., 2010). The cosmid vector pLAFR1 is a very useful vector which 
was able to insert a large DNA fragment up to 20 kb size (Friedman et al. 1982; Vanbleu et al. 2004). To study 
the transformation of cosmid vector pLAFR1 into the beneficial bacteria is the key to enhancing the limitation 
of the bacteria and to become more useful on genetic engineering. The objective of this study was to transfer 
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cosmid vector pLAFR1 into the selected Plant Growth-Promoting Rhizobacteria (PGPR) and Chromobacterium 
violaceum by electrotransformation with maximum transformation efficiency.  
 
 
MATERIALS AND METHODS 
 
Bacteria strains, Cosmid DNA and Electroporation apparatus 
 
Selected PGPR (Azospirillum brasilense Sp7, Rhizobium UPMR1102 and Rhizobium UPMR1013) and 
Chromobacterium violaceum which were Gram-negative bacteria as recipients and Escherichia coli K12 MM294 
(Migula, 1895; Castellani and Chalmers, 1919) contained pLAFR1 (Fig. 1) (Friedman et al. 1982; Vanbleu et al. 
2004) a cosmid broad host range vector of 21.6 kb which can accept the insertion of a large DNA fragment 
up to 20 kb size as a donor. pLAFR1 contained a cos site and a relaxation complex site with Tcr as a marker.  
 
 
Fig. 1. Cosmid vector pLAFR1. 
 
A Gene Pulser Unit equipped with Gene Pulse Controller and electroporation cuvettes with interelectrode 
distance of 1 mm (BioRad) were used in all experiments. The capacitor and pulse controller resistance were 
set to 25 µF and 200 Ω to get a 5 milliseconds pulse length which was an optimal setting for 
electrotransformation of plasmid vector in most of the Gram-negative strains (Eynard and Teissie 2000) and 
25 µF of capacitor and 400 Ω of pulse controller resistance to get a longer pulse length at 10 milliseconds for 
comparison. 
 
Preparation of Cosmid and Recipient for Electrotransformation 
 
Cosmid DNA pLAFR1 were prepared by miniprep kit from QIAGEN which allowing isolation of highly 
pure cosmid DNA. The recipients bacteria cells from selected PGPR (Azospirillum brasilense Sp7, Rhizobium 
UPMR1102 and Rhizobium UPMR1013) and Chromobacterium violaceum were grown on LB-agar plates in 
incubator for 2 days at 30°C. One loopful of the selected PGPR colony from the LB-agar plates was 
inoculated to the LB broth and grows it for 16 hours in 30°C with shaking until reached a mid-logarithmic 
phase. 1 ml of the cells from the LB broth were transferred to 1.5 ml tube and put it in the ice for 15 to 30 
min then centrifuge at 9000 rpm for 2 minutes. The pellet cells were washed three times with cold sterile 
distilled water and lastly washed with 10% glycerol. The cells were resuspended in 0.25 ml 10% glycerol and 
kept it in the ice for 30 minutes. Both cosmid DNA and recipient bacteria cells were mixed together in 1.5 ml 
tube and vortex at a high speed for 3 seconds and kept it in the ice again for 30 min.  
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Electrotransformation 
 
The electrotransformation procedure was referred to Eynard and Teissie (2000). 60 µl aliquots of the prepared 
mixtures of cosmid DNA and recipient bacteria cells for electrotransformation were transferred to the ice 
cold 0.1 cm electroporation cuvettes.  The mixtures were pulsed under Gene Pulser and a control where the 
pulse was omitted. 1ml of LB broth was added into the electroporation cuvette then transfer into 1.5ml tube 
and incubated in 30°C for 3 and 20 hours. For shorter pulse length, one thousand-fold dilutions from 3 hours 
incubated tube and 1:106 dilutions from 20 hours incubated tube were spread onto LB-agar plates contained 
20μg/ml tetracycline antibiotic with an alcohol-flamed glass rod. While for longer pulse length was using ten 
thousand-fold dilutions from 3 hours incubated tube and 1:107 dilutions from 20 hours incubated tube. The 
Petri plates were incubated in 30°C for 3 days. Only tetracycline resistant recipient cells which had acquired 
the pure cosmid DNA by electrotransformation would grow on these plates.  
 
 
RESULTS AND DISCUSSION 
 
Cosmid vector pLAFR1 were successful transferred into the selected PGPR and Chromobacterium violaceum. The 
results of electrotransformation by using 25 µF capacitor and 200 Ω pulse controller resistance for 5 
milliseconds pulse length were shown on Table 1 for Azospirillum brasilense Sp7, Table 2 for Rhizobium 
UPMR1102, Table 3 for Rhizobium UPMR1013 and Table 4 for Chromobacterium violaceum while the result of 
electrotransformation by using 25 µF capacitor and 400 Ω pulse controller resistance for longer pulse length at 
10 milliseconds were shown on Table 5 for Azospirillum brasilense Sp7, Table 6 for Rhizobium UPMR1102, 
Table 7 for Rhizobium UPMR1013 and Table 8 for Chromobacterium violaceum. Transformation efficiency was 
depending on the incubation period. We found that longer incubation period will increase the transformation 
efficiency but continuing increasing the period after 20 hours will not increase the efficiency while will slowly 
decreasing.  
 
Table 1. Important parameters on electroporation for A. brasilense Sp7 with cosmid pLAFR1 by using 25 µF capacitor 
and 200 Ω pulse controller resistance. 
Field strength 
(kV/cm) 
Pulse length 
(ms) 
Total transformants 
3 hours (X104)     
 
20 hours (X107) 
8 3.8 1.1 0.6 
9 3.4 1.5 0.9 
10 
11 
12 
13 
4.1 
3.7 
3.5 
3.5 
3.4 
2.6 
2 
1.3 
2.5 
1.7 
1.5 
0.5 
 
Table 2. Effect Important parameters on electroporation for Rhizobium UPMR1102 with cosmid pLAFR1 by using 25 
µF capacitor and 200 Ω pulse controller resistance. 
Field strength 
(kV/cm) 
Pulse length 
(ms) 
Total transformants 
3 hours (X104)     
 
20 hours (X107) 
8 4.0 1.4 0.9 
9 4.4 2.2 1.5 
10 
11 
12 
13 
4.3 
3.9 
4.0 
3.7 
5.7 
1.1 
0.8 
0.6 
4.4 
0.6 
0.5 
0.3 
 
Table 3. Important parameters on electroporation for Rhizobium UPMR1013 with cosmid pLAFR1 by using 25 µF 
capacitor and 200 Ω pulse controller resistance. 
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Field strength 
(kV/cm) 
Pulse length 
(ms) 
Total transformants 
3 hours (X104)     
 
20 hours (X107) 
8 3.8 4.3 3.1 
9 3.8 6.5 5.8 
10 
11 
12 
13 
4.4 
4.5 
4.2 
3.9 
7.2 
3.3 
2.6 
1.2 
6.7 
2.8 
2.1 
0.8 
 
Table 4. Important parameters on electroporation for Chromobacterium violaceum with cosmid pLAFR1 by using 25 µF 
capacitor and 200 Ω pulse controller resistance. 
Field strength 
(kV/cm) 
Pulse length 
(ms) 
Total transformants 
3 hours (X104)     
 
20 hours (X107) 
8 4.7 2.3 1.9 
9 4.5 3.1 2.6 
10 
11 
12 
13 
4.3 
4.1 
3.9 
4.0 
4.2 
2.4 
2.0 
1.5 
3.8 
3.2 
2.6 
1.3 
 
Table 5. Important parameters on electroporation for A. brasilense Sp7 with cosmid pLAFR1 by using 25 µF capacitor 
and 400 Ω pulse controller resistance. 
Field strength 
(kV/cm) 
Pulse length 
(ms) 
Total transformants 
3 hours (X105)     
 
20 hours (X108) 
3 8.6 1.9 1.2 
4 8.2 3.5 2.7 
5 
6 
7 
8 
8.7 
8.3 
7.9 
8.2 
5.1 
4.1 
2.8 
1.0 
4.3 
2.9 
1.8 
1.3 
 
Table 6. Important parameters on electroporation for Rhizobium UPMR1102 with cosmid pLAFR1 by using 25 µF 
capacitor and 400 Ω pulse controller resistance. 
Field strength 
(kV/cm) 
Pulse length 
(ms) 
Total transformants 
3 hours (X105)     
 
20 hours (X108) 
3 
4 
5 
6 
7 
8 
8.9 
8.6 
8.8 
8.5 
8.6 
8.3 
1.8 
3.8 
6.3 
3.1 
1.5 
0.7 
0.5 
1.1 
3.2 
1.3 
0.5 
0.2 
 
Table 7. Important parameters on electroporation for Rhizobium UPMR1013 with cosmid pLAFR1 by using 25 µF 
capacitor and 400 Ω pulse controller resistance. 
Field strength 
(kV/cm) 
Pulse length 
(ms) 
Total transformants 
3 hours (X105)     
 
20 hours (X108) 
3 
4 
5 
6 
7 
8 
8.6 
8.6 
8.5 
8.6 
8.4 
8.1 
2.1 
3.8 
6.9 
4.1 
1.8 
0.9 
1.2 
2.4 
4.1 
2.0 
0.8 
0.4 
 
Table 8. Important parameters on electroporation for Chromobacterium violaceum with cosmid pLAFR1 by using 25 µF 
capacitor and 400 Ω pulse controller resistance. 
Field strength 
(kV/cm) 
Pulse length 
(ms) 
Total transformants 
3 hours (X105)     
 
20 hours (X108) 
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3 
4 
5 
6 
7 
8 
8.9 
8.5 
8.7 
8.5 
8.4 
8.4 
1.3 
1.8 
3.8 
1.7 
0.9 
0.3 
0.8 
1.3 
2.7 
1.1 
0.6 
0.2 
 
Maximum transformation efficiency was obtained for all selected PGPR and C. violaceum at electric field 
strength of 10kV/cm for shorter pulse length range from 4.1 to 4.4 milliseconds (Fig. 2) and 5kV/cm for a 
longer pulse length range from 8.5 to 8.7 milliseconds (Fig. 3). A decrease or increase in the electric field 
strength of 10kV/cm from the short pulse length and 5kV/cm from the long pulse length resulted a 
reduction in the total number of transformants. In control experiment where the pulse was omitted, none of 
the selected PGPR and C. violaceum colonies were obtained. The maximum number of transformants by using 
shorter pulse length range from 4.1 to 4.4 milliseconds for A. brasilense was 2.5 X 107, Rhizobium UPMR1102 
was 4.4 X 107, Rhizobium UPMR1013 was 6.7 X 107 and C. violaceum was 3.8 X 107. While for a longer pulse 
length range from 8.5 to 8.7 milliseconds which obtained by double the pulse controller resistance from 200 Ω 
to 400 Ω was about 10 times higher than the shorter pulse length. The maximum number of transformants 
for A. brasilense was 4.3 X 108, Rhizobium UPMR1102 was 3.2 X 108, Rhizobium UPMR1013 was 4.1 X 108 and 
C. violaceum was 2.7 X 108. 
 
 
Fig. 2. Transformation efficiency for selected PGPR and C. violaceum at short pulse length range from 4.1 to 
4.4  milliseconds. 
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Fig. 3. Transformation efficiency for selected PGPR and C. violaceum at long pulse length range from 8.5 to 
8.7 milliseconds. 
 
Most of the electrotransformation experiments with a small plasmid obtained the maximum efficiency by 
higher electric field strength and shorter pulse length. From the result we achieved, we believed 
transformation with larger size cosmid vector required lower electric field strength with longer pulse length 
because at lower electric field strength and longer pulse length, the cells will produce a bigger pores and giving 
a longer time for the cosmid vector to entering the recipient cells. Although the exact mechanism of pore 
formation was still unknown but was believed the pore was form in a very short time scale and continue to 
increase in size during the pulse. However, if the size of pore diameter reached the upper limit threshold or 
exceed the critical range for the bacteria cell viability, the pore will become too large for the bacteria cell to 
recover by any spontaneous or biological process and will caused damage to the bacteria cell and affect the 
transformation efficiency (Chang et al., 1992; Rols and Teissie, 1998; Teissie et al., 2005; Errington, 2017). This 
was the reason why electroporation parameters play a very important role in a transformation method. 
 
 
CONCLUSION 
 
The easy perform and much more time efficient electrotransformation methods with suitable electroporation 
parameters were successfully transfer the big size of cosmid vector pLAFR1 into the selected PGPR and C. 
violaceum efficiently. The efficiency of this electrical method was basically much better than most of the 
alternative or old methods. Electrotransformation will be a very useful tool in future study that related to 
genetic engineering and developing genetically-modified bacteria. 
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